Epicardial cryoablation of atrial fibrillation in patients undergoing mitral valve surgery  by Berglin, Eva W.-O
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Opicardial Cryoablation of Atrial Fibrillation in Patients
ndergoing Mitral Valve Surgery
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en our practice, the Maze III procedure as de-
scribed by Cox and coworkers1,2 is performed on a
trictly selected group of patients referred primarily
ecause of symptomatic atrial fibrillation (AF), non-
esponding to antiarrhythmic medication and in 30%
ith a history of thromboembolic events. Eighty per-
ent undergo the Maze III operation as a lone surgi-
al procedure, and 20% also have concomitant sur-
ery. Postoperative freedom from AF is 97% (6-year
ollow-up).
However, among patients on our waiting list ac-
epted for coronary or valve surgery, approximately
5% have AF as a secondary finding. These patients,
lthough often asymptomatic and tolerating their
edication for frequency control, still run the risk of
hromboembolic events or bleeding complications
econdary to warfarin treatment. Beside their car-
iac disorder, they are often elderly and have con-
omitant diseases or impaired left ventricular ejec-
ion fraction which precludes a traditional Maze III
rocedure due to the calculated high operative risk.
his group of patients would benefit from some kind
f treatment for their AF in conjunction with their
lready planned cardiac surgery. Endo- or epicar-
ial pulmonary vein isolation using radiofrequency
as proven to give 64% to 77% freedom from chronic
F in mitral valve patients.3-5
We have developed an epicardial technique for pul-
onary vein isolation in these patients using a new
rgon-based cryo system (SurgiFrost TM Surgical
ryoablation System, CryoCath Technologies Inc,
ontreal, Canada). It produces temperatures down to
inus 160°C and is presented with a malleable probe
uitable for linear ablation lesions. We thought patients
ith chronic AF undergoing mitral valve procedures
ould be an important area of application where an
picardial on-pump beating-heart technique would al-
ow a shortened ischemic time (compared with an en-
ocardial procedure) and controlled transmural lesions
n an easy and safe way. The dissection preceding the
ryo lesions also improves left atrial access for the
itral valve surgery. The dissection and cryo proce-
ure require approximately 15 minutes of extra time on
ardiopulmonary bypass. This technique has now been
pplied in 28 patients with chronic AF undergoing
urgery for mitral valve insufficiency. The patients, 19perative Techniques in Thoracic and Cardiovascular Surgery, Vol 9ales/9 females, had a mean age of 68 years and
hronic AF with duration of 7 (1-16 years). Twenty
itral valve repairs were performed while one patient
eceived a biological and seven patients a mechanical
alve prosthesis.
Dissection
efore ablation, the epicardial aspect of the pulmonary
ein orifices is thoroughly exposed to ensure that no
ther structures will be involved in the ice block and
hat the tip of the probe can be placed on the atrial wall
ather than the pulmonary veins. As a safety measure,
he dissection can be done after cannulation and, de-
ending on how the patient responds to manipulation of
he heart, off or on bypass. The dissection involves the
uperior (SVC) and inferior (IVC) caval veins, the right
nd left pulmonary veins (PV), the interatrial groove,
nd the epicardial reflection in the area between the
ome of the left atrium and the right and left pulmo-
ary arteries. Care should be taken when dissecting
round the left superior PV to avoid damage to the
ragile atrial wall at the base of the left appendage.
Cryoablation
he cryoablation is best performed before the mitral
alve procedure to avoid exposure of sutures and non-
iological materials to the very low temperatures. After
issection and institution of cardiopulmonary bypass
full flow to reduce the warming effect of circulating
lood) the 60-mm-long tip of the cryo probe is bent to
suitable shape and placed at each lesion position. The
emperature is preset to maximum freeze and time to 60
econds for each lesion, which is enough to ensure
ransmurality in a low-flow area. On activation of the
robe, the freezing immediately starts and the tip sticks
o the tissues in contact. To achieve quick thawing, the
robe is de-aired and the tip is irrigated with warm
aline.
The cryo lesions can be done in any order but we
ave chosen to do them as described below, to let the
eating heart rest between extreme positions. A marker
en or methylene blue stain is used to mark both ends
f the first lesion of the encircling ablation lines to
nsure overlapping., No 1 (Spring), 2004: pp 59-71 59
1
a
p
p
m
r
f
60 EVA W-O BERGLINSURGICAL TECHNIQUE
A median sternotomy is performed and the patient is heparinized. The pericardium is opened longitudinally, the ascending
orta and both venae cavae are cannulated, and umbilical tapes are passed around the caval veins. A vent is placed in the
ulmonary artery. The dissection is carried out before or after institution of bypass according to the condition of the patient. The
ericardium is opened cranially over the SVC, which is completely mobilized to give access to the structures below. The IVC is
obilized, and the space between the IVC and right lower PV is opened. The interatrial groove is dissected so that the part of the
ight atrium “hanging over” the left atrium is unfolded and the junction between the two atria is defined. The area is cleaned from
at. This offers a generous cuff of left atrial tissue around the right pulmonary vein orifices.
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EPICARDIAL CRYOABLATION OF ATRIAL FIBRILLATION 61The next step is to separate the left atrium from the pericardial reflection. By pulling the SVC toward the assistant, the
pace between the right superior PV and the right pulmonary artery is visualized and opened up all the way down to the
ericardium. Now pulling the SVC toward the surgeon, this dissection plane can be followed towards the left side of the heart
o that there is a complete separation of the dome of the left atrium from the epicardial reflection. A finger or an instrument
an be passed behind the heart and up between the left atrium and the right pulmonary artery to ensure that this separation
s complete (see arrow). The pericardium is pushed away from the right PVs and the space between them is identified. Test
he circumference of both PVs with thumb and forefinger and check for extra veins posteriorly. All of these procedures are
est done from the right side of the heart.
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62 EVA W-O BERGLINThe heart is lifted toward the surgeon for dissection of the left PVs. The ligament between the left pulmonary artery and
he left superior PV is identified and divided. Connect the now opened space with the previous opening along the dome of the
eft atrium. Use thumb and forefinger to encircle the left PVs (sometimes a little blunt dissection of loose tissue is necessary)
ut take care not to damage the fragile left atrial wall at the base of the left appendage.
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EPICARDIAL CRYOABLATION OF ATRIAL FIBRILLATION 63The echo probe is pulled up from the esophagus and total cardiopulmonary bypass is started (if not earlier) with the
eart beating. The first cryo lesion is placed on the dorsal aspect of the right PVs. The freezing tip of the cryo probe is bent
o a suitable shape (like a “C”), passed under the right PVs and placed so that it covers the dorsal half of the circumference
f the veins, with the tip end well visible. The probe is placed on a clean area of the atrial wall rather than the PV orifices.
he beginning and end of the atrial ablation line-to-be is marked with a marker pen or methylene blue to ensure overlapping
ith the second line. Care is taken during freezing so that no unintended tissue becomes involved in the ice block. After 60
econds of maximum freeze, the probe is de-aired and the frozen area is irrigated with warm saline to achieve quick thawing.
he probe should not be pulled from the tissue by force.
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64 EVA W-O BERGLINNow shape the cryo tip like a question mark and place it on the ventral part of the right PVs, well covering the methylene
lue stains, thereby completing the right encircling cryo lesions. Make sure to place the cryo tip on the left atrial cuff.
6
v
D
EPICARDIAL CRYOABLATION OF ATRIAL FIBRILLATION 65The heart is now lifted toward the surgeon to expose the left PVs. The probe is curved to a “C” and passed under the
eins to cover the dorsal half of the circumference. The beginning and end of the tissue line to be frozen are marked as before.
uring freezing, push the left pulmonary artery aside so that it doesn’t get attached to the ice block.
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66 EVA W-O BERGLINReshape the probe to a question mark and, with the heart still held by the surgeon, let the curvature of the tip cover
he ventral part of the left PVs between the two methylene blue stains. After freezing, the left encircling cryo lesions are
omplete.
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lA connecting line is now created between the two encircling PV ablation lines. The apical part of the heart is lifted until
he lower right and left PVs can be identified, and the probe is placed between them so that the length of the tip covers the
ull distance, connecting the two cryo circles on the right and left side created earlier. Care should be taken so that any amount
f fluid is sucked from the pericardium to avoid a warming effect and also so that the freezing probe does not unnecessarily
ome into contact with the tissue dorsally (cave esophagus). This is most easily achieved by making sure that the heart is well
ifted up during the procedure.
9
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oNow lift the heart to visualize the left inferior PV for the mitral valve ablation line. The tip of the probe is placed at
he base of the lower left PV connecting with the previous encircling ablation lines on the left side, and directed towards the
trioventricular groove, actually crossing over the coronary sinus. Direct contact with the circumflex artery and its branches
an easily be avoided by recalling the patient’s angiogram and visual inspection of the epicardial surface of the dorsal part
f the left ventricle.
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EPICARDIAL CRYOABLATION OF ATRIAL FIBRILLATION 690 Now lift the heart as for left encircling ablation lines. For the left atrial appendage lesion, place the very end of the
robe tip at the base of the left superior PV so that it connects with the previous encircling ablation line. Direct the tip toward
he rim of the left appendage so that it covers the whole distance to the rim. After freezing and thawing, the left atrial
ppendage is closed from the outside with a purse-string suture. The cryo procedure is now completed, and mitral valve
urgery can be performed as planned.
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70 EVA W-O BERGLIN1 Posterior aspect of the heart with all cryo lesions marked. The first and second cryo lesions encircle the right PVs,
he third and fourth cryo lesions encircle the left PVs, and the fifth cryo lesion connects the two circles. The sixth cryo lesion
uns from the left encircling to the mitral valve, and the last and seventh cryo lesion from the left encircling to the left atrial
ppendage.
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EPICARDIAL CRYOABLATION OF ATRIAL FIBRILLATION 71COMMENTS
fter completing the cryoablation, the aorta is cross-
lamped and cardioplegia is administered. The left
trium is opened as preferred (via the interatrial
roove or transseptally) and the mitral valve procedure
s performed as planned. The cryo line and the surgical
ncision in the interatrial groove can sometimes coin-
ide, but in our experience and knowledge, this has
ever caused any problems. In most instances, the cryo
ine lies well onto the left atrial wall and away from the
ight PVs, while the surgical incision often is made
uite close to the right PVs. It can, of course, be
iscussed whether the second cryo lesion is at all nec-
ssary when the left atrial approach is via the inter-
trial groove. If it is omitted, care should be taken so
hat the surgical incision connects with the first cryo
esion, leaving no gaps in the right encircling lesions.
enting and weaning is performed according to rou-
ine, and two atrial and two ventricular temporary
acing wires are applied. No testing of the isolation
ffect is performed at this point since the healing pro-
ess takes some time and the observed result cannot be
egarded as the final one.
It is a general observation that patients undergoing
V isolation take time to stabilize their rhythm post-
peratively. We have therefore adopted a policy in-
luding amiodarone with start in the intensive care unit
900 mg IV first 24 hours, 200 mg orally 3 times daily
or 7 days, followed by 200 mg orally daily for a total
eriod of 3 months) and electroconversion of nonself
erminating recurring AF. Sotalol is added if needed
or frequency control. Most of these patients were on
arfarin preoperatively and remained anticoagulated
or at least 3 months postoperatively because of the
endency to unstable rhythm. There was no mortality
nd no morbidity associated with the cryoablation pro-edure. Seventy-seven percent of the patients were in
inus rhythm at 6 months postoperatively. Cryoabla-
ion offers some advantages compared with heat-pro-
ucing energy sources by the short freezing time and
he fixed probe position during ablation. There is no
isk for charring or perforation, minimal clot forma-
ion if any, and the histopathological picture shows
ntact tissue architecture even after transmural le-
ions.6 Cryo also seems to be less damaging than heat-
roducing energy sources when applied directly on
tructures like coronary arteries and the esophagus.7
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